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(54) DATA RECORDING MEDIUM, DATA RECORDING METHOD, AND APPARATUS 


(57) Output data of a multiplexer 11 is EFM-modu- 
lated by an EFM modulator 12. In the EFM modulation, 
merging bits that satisfy run length limit conditions Tmin 
= 3 and Tmax = 11 are selected. Among them, merging 
bits that converge DSV are selected. A run length con- 
trolling portion 13 detects a particular data pattern that 
causes DSV to increase as large as a data read error 
takes place and controls the EFM modulator 12 so that 
the run length limit conditions of the EFM are loosened. 


As a result, an increase of DSV is suppressed. Data is 
reproduced from a data recording medium on which the 
data has been recorded in such a manner and the re- 
produced data is decoded. The decoded data is re-en- 
coded so as to record it to another recoding medium. 
When the data pattern is re-encoded, DSV increases. 
As a result, data cannot be correctly reproduced from 
the other recording medium. Consequently, a copying 
operation can be prevented. 
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Description 

Technical Field 

[0001 J The present invention relates to a data record- 
ing apparatus, a data recording method, and an appa- 
ratus thereof that are applicable to for example a read- 
only memory (ROM) type optical disc. 

Background Art 

[0002] Since optical discs such as a CD (Compact 
Disc) and a CD-ROM (Compact Disc Read Only Mem- 
ory) are easy to handle and are produced at relatively 
low cost, they have been widely used as recording me- 
diums for storing data. In recent years, a CD-R (Com- 
pact Disc Recordable) disc, on which data can be re- 
corded once, and a CD-RW (Compact Disc Rewritable) 
disc, on which data can be rewritten, have come out. 
Thus, data can be easily recorded on such recordable 
optical discs. As a result, optical discs that accord with 
the CD standard such as a CD-DA (Digital Audio) disc, 
a CD-ROM disc, a CD-R disc, and a CD-RW disc have 
become the mainstream of data recording mediums. In 
addition, in recent years, audio data is compressed ac- 
cording to the MP3 (MPEG1 Audio Layer-3) and the AT- 
RAC (Adaptive TRansform Acoustic Coding) 3 and re- 
corded on the CD-ROM disc, the CD-R disc, the CD-RW 
disc, and so forth. 

[0003] However, as a CD-R disc and a CD-RW disc 
have come out, data recoded on a CD disc can be easily 
copied to those discs. As a result, a problem about cop- 
yright protection has arisen. Thus, when content data is 
recorded to a recordable optical disc, it is necessary to 
take measures to protect content data. 
[0004] Fig. 1 2 shows an outline of a flow of a copying 
process. A reproducing apparatus denoted by reference 
numeral 41 reproduces data from an original disc, for 
example a CD 42. Reference numeral 43 represents an 
optical pickup. Reference numeral 44 represents a re- 
production signal processing portion. Reproduced sig- 
nal is supplied from the reproducing apparatus 41 to a 
recording process portion 52 of a recording portion 51 . 
An optical pickup 53 records the reproduced data to an 
optical disc, for example a CD : R 54. The recorded con- 
tents of the original CD 42 are recorded to the CD-R 54. 
Using the reproducing apparatus 41 and the recording 
portion 51 , a copied disc of the original CD 42 can be 
easily produced. 

[0005] In the case of a CD, as shown in Fig. 1 3, a sync 
detecting portion 46 of the reproducing process portion 
44 detects a frame sync from a reproduced signal sup- 
plied from an input terminal 45. An EFM demodulator 
46 EFM-demodulates the reproduced signal and sup- 
plies the EFM-demodulated reproduced data to a CIRC 
(Cross Interleave Reed-Solomon Code) decoder 48. 
The CIRC decoder 48 corrects an error of the repro- 
duced signal. The EFM converts each symbol (eight da- 


ta bits) into 14-channel bits and adds merging bits of 
three bits between adjacent blocks of 14 channel bits. 
A sub code decoder 49 decodes the reproduced data 
and obtains a reproduced sub code. 

s [0006] Fig. 1 4 shows an outlined structure of a recod- 
ing process portion 52. Data to be recorded is supplied 
from an input terminal 55 to an CIRC encoder 56. The 
CIRC encoder 56 performs a CIRC encoding process 
for the data supplied from the input terminal 55. In ad- 

10 dition, a sub code is supplied from an input terminal 57 
to a sub code encoder 58. The sub code encoder 58 
formats the sub code. An output of the CIRC encoder 
56 and an output of the sub code encoder 58 are sup- 
plied to a multiplexer 60. In addition, a frame sync is 

15 supplied from an input terminal 59 to the multiplexer 60. 
The multiplexer 60 arranges those data in a predeter- 
mined order. An output of the multiplexer 60 is supplied 
to an EFM modulator 61. The EFM modulator 61 per- 
forms an EFM modulating process for data that is output 

20 from the multiplexer 60. 

[0007] As one method for protecting content data re- 
corded on a CD disc, it is determined whether the loaded 
. disc is an original CD or a copied CD thereof. When the 
loaded disc is an original CD, a copying operation there- 

25 of can be permitted. When the loaded disc is a copied 
disc, a further copying operation thereof can be prohib- 
ited. 

[0008] To determine whether the loaded disc is an 
original disc or a Copied disc, a method for inserting a 

30 defect onto a disc during a master disc production, de- 
tecting the defect from a disc during a reproduction, and 
determining whether the disc is an original disc depend- 
ing on whether or not the defect has been detected has 
been proposed. In this method, however, an original disc 

35 may contain a defect. In addition, depending on the type 
of a defect, it can be copied as it is. As a result, content 
data of an original disc cannot be prevented from being 
copied to a CD-R. 

40 Disclosure of the Invention 

[0009] An object of the present invention is to provide 
a data recording medium, a data recording method, and 
an apparatus thereof that allow a determination of 
45 whether a loaded disc is an original disc or a copied disc 
to be made and a copying operation to be prevented 
from being performed without need to intentionally insert 
a defect. 

[0010] To solve the foregoing problem, the present in- 
so vention is a data recording medium on which digital data 
is recorded using a digital modulating system for con- 
verting a data symbol of a predetermined number of bits 
into a code symbol of a larger number of bits than the 
data symbol and generating record data whose run 
55 length is restricted, wherein in the state that the run 
length is restricted, a data pattern that causes an abso- 
lute value of DSV (Digital Sum Variation) to increase as 
large as data is prevented from being normally repro- 
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duced is recorded to a part of the data recording medium 
and data selected in the state that a run length restriction 
condition is loosened is recorded in the data pattern. A 
more practical mode of the present invention is the data 
recording medium wherein a plurality of merging bits are 5 
disposed at a boundary of adjacent code symbols, 
wherein as the merging bits, there are a plurality of bit 
patterns, wherein when the data pattern is not detected, 
a bit pattern that satisfies the run length restriction con- 
dition is selected from the plurality of bit patterns as the 
merging bits, and wherein when the data pattern is de- 
tected, in the state that the run length restriction condi- 
tion is loosened, the selected bit pattern is recorded as 
the merging bits. 

[0011 J The present invention is a data recording 
method on which digital data is recorded using a digital 
modulating system for converting a data symbol of a 
predetermined number of bits into a code symbol of a 
larger number of bits than the data symbol and gener- 
ating record data whose run length is restricted, the data 
recording method comprising the steps of: in the state 
that the run length is restricted, recording a data pattern 
that causes an absolute value of DSV to increase as 
large as data is prevented from being normally repro- 
duced to a part of the data recording method; and re- 
cording data selected in the state that a run length re- 
striction condition is loosened in the data pattern. A 
more practical mode of the present invention is the data 
recording method, wherein a plurality of merging bits are 
disposed at a boundary of adjacent code symbols, 
wherein as the merging bits, there are a plurality of bit 
patterns, wherein when the data pattern is not detected, 
a bit pattern that satisfies the run length restriction con- 
dition and that causes DSV to maximally decrease is 
selected from the plurality of bit patterns as the merging 
bits, and wherein when the data pattern is detected, in 
the state that the run length restriction condition is loos- 
ened, the selected bit pattern is recorded as the merging 
bits. 

[0012] The present invention is a data recording ap- 
paratus for recording digital data using a digital modu- 
lating system for converting a data symbol of a prede- 
termined number of bits into a' code symbol of a larger 
number of bits than the data symbol and generating 
record data whose run length, is restricted, wherein in 
the state that the run length is restricted, a data pattern 
that causes an absolute value of DSV to increase as 
large as data is prevented from being normally repro- 
duced is partly recorded, and wherein data selected in 
the state that a run length restriction condition is loos- 
ened is recorded in the data pattern. A more practical 
mode of the present invention is the data recording ap- 
paratus, wherein a plurality of merging bits are disposed 
at a boundary of adjacent code symbols, wherein as the 
merging bits, there are a plurality of bit patterns, wherein 
when the data pattern is not detected, a bit pattern that 
satisfies the run length restriction condition and that 
causes DSV to maximally decrease is selected from the 


plurality.of bit patterns as the merging bits, and wherein 
when the data pattern is detected, in the state that the 
run length restriction condition is loosened, the selected 
bit pattern is recorded as the merging bits. 
[001 3] According to the present invention, in the state 
that the run length is restricted, a data pattern that caus- 
es the absolute value of DSV to increase as large as 
data is prevented from being normally reproduced is 
partly recorded. Thus, a data pattern cannot be correctly 
reproduced from a data recording medium on which da- 
ta has been recorded using a conventional encoder. In 
contrast, an encoder according to the present invention 
records a selected data pattern in the state that a run 
length restriction condition is loosened. Thus, an in- 
crease of the absolute value of DSV can be suppressed. 
As a result, a data pattern can be correctly reproduced. 
Consequently, depending on whether or not the data 
pattern can be reproduced, it can be determined wheth- 
er the loaded medium is an original medium or a copied 
medium. 

Brief Description of Drawings 
[0014] 

Fig. 1 is a block diagram showing an example of the 
structure of a mastering apparatus according to an 
embodiment of the present invention. 
Fig. 2 is a schematic diagram describing an EFM 
frame format of a CD. 

Fig. 3 is a block diagram showing the structure of a 
CD reproducing apparatus. 
Fig. 4 is a schematic diagram showing a part of an 
EFM conversion table. 

Fig. 5A to Fig. 5D are schematic diagrams describ- 
ing a merging bit selecting method. 
Fig. 6 is a schematic diagram showing an example 
of a particular data pattern for use with the present 
invention. 

Fig. 7 is a schematic diagram showing data of which 
an example of a particular data pattern is CIRC-en- 
coded and a frame synchronous signal and a sub 
code are added thereto. 

Fig. 8 is a schematic diagram showing DSV in the 
case that data shown in Fig. 7 is EFM-modulated 
by a conventional method and a part of a waveform 
thereof. 

Fig. 9 is a schematic diagram showing DSV in the 
case that data shown in Fig. 7 is EFM-modulated 
by a method according to the present invention and 
a part of a waveform thereof. 
Fig. 10 is a schematic diagram showing another ex- 
ample of a particular data pattern for use with the 
present invention. 

Fig. 11 is a schematic diagram showing data of 
which the other example of the particular data pat- 
tern is CIRC-encoded and a frame synchronous 
signal and a sub code are added thereto. 
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Fig. 1 2 is a block diagram describing a flow of a cop- 
ying process for a disc. 

Fig. 13 is a block diagram showing an outline of a 
conventional reproducing process portion. 
Fig. 14 is a block diagram showing an outline of a 
conventional recording process portion. Best 
Modes for Carry ing.put the Invention 

[0015] Next, an embodiment of the present invention 
will be described. Fig. 1 shows an example of the struc- 
ture of a mastering apparatus that produces a data re- 
cording medium according to the present invention. The 
mastering apparatus has a laser 1 that is a gas laser (for 
example, an Ar laser, an He-Cd laser, or a Kr laser) or 
a semiconductor laser, an acoustooptic effect type or 
electrooptic type optical modulator 2 that modulates la- 
ser light emitted from the laser 1 , and an optical pickup 
3 that is a recording means having an objective lens that 
collects laser light that has passed through the optical 
modulator 2 and radiates the collected light to a pho- 
toresist surface of a disc shaped glass master disc 4 on 
which photoresist, which is a photosensitive material, 
has been coated. 

[0016] The optical modulator 2 modulates the laser 
light emitted from the laser 1 corresponding to a record 
signal. The mastering apparatus radiates the modulated 
laser light to the glass master disc 4. As a result, a maser 
on which data has been recorded is produced. In addi- 
tion, a servo portion (not shown) is disposed. The servo 
portion controls the distance between the optical pickup 
3 and the glass master disc 4 constant, tracking, and a 
rotation driving operation of a spindle motor 5. The ro- 
tations of the glass master disc 4 are driven by the spin- 
dle motor 5. 

[0017] The record signal is supplied from an EFM 
modulator 1 2 to the optical modulator 2. Main digital da- 
ta to be recorded is supplied from ah input terminal 6. 
The main digital data is for example two-channel stereo 
digital audio data. A sub code of channels P to W ac- 
cording to the current CD standard is supplied from an 
input terminal 7. In addition, a frame sync is supplied 
from an input terminal 8. 

[0018] The main digital data is supplied to a CIRC en- 
coder 9. The CIRC encoder 9 performs an error correc- 
tion code encoding process for adding parity data or the 
like for correcting an error and a scrambling process for 
the main digital data. In other words, one sample or one 
word of 16 bits is divided into two symbols of high order 
eight bits and low order eight bits. The error correction 
code encoding process for adding parity data or the like 
for correcting an error with for example CIRC and the 
scrambling process are performed for each symbol. A 
sub code encoder 10 converts the sub code that has 
been input from the input terminal 7 into a sub code hav- 
ing an EFM frame format. 

[0019] An output of the CIRC encoder 9, an output of 
the sub code encoder 1 0, and a frame sync are supplied 
to a multiplexer 1 1 . The multiplexer 1 1 arranges them in 


a predetermined order. Output data of the multiplexer 
11 is supplied to the EFM modulator 12. The EFM mod- 
ulator 12 converts a symbol of eight bits into data of 14 
channel bits according to a conversion table. In addition, 

5 an output of the multiplexer 1 1 is supplied to a run length 
controlling portion 13. The run length controlling portion 
13 controls a run length of the EFM modulated output 
of the EFM modulator 12. An output of the EFM modu- 
lator 12 is supplied to the optical modulator 2. 

10 [0020] The EFM modulating 12 generates a record 
signal in the CD EFM frame format. The record signal 
is supplied to the optical modulator 2. With a modulated 
laser beam that is output from the optical modulator 2, 
the photoresist on the glass master disc 4 is exposed. 

is A developing process and an electroplating process are 
performed for the glass master disc 4 on which data has 
been recorded in such a manner. As a result, a metal 
master is produced. With the metal master, a mother 
disc is produced. With the mother disc, a stamper is pro- 

20 duced. With the stamper, an optical disc is produced by 
the compression molding method, the injection molding 
method, or the like. 

[0021] Fig. 2 shows the data structure of one EFM 
frame of a CD. In a CD, parity Q and parity P which are 

25 four symbols each are made from a total of 12 sample 
words (24 symbols) of digital audio data of two channels. 
33 symbols (264 data bits) of which one symbol of a sub 
code is added to a total of 32 symbols is treated as one 
block. In other words, one frame which has been EFM- 

30 modulated contains a sub code of one symbol, data of 
24 symbols, a Q parity of four symbols, and a P parity 
of four symbols. 

[0022] In the EFM modulating system, each symbol 
(eight data bits) is converted into 14 channel bits. The 

35 minimum time length of the EFM modulation (namely, 
the time length of which the number of 0s between two 
1 s of a record signal becomes the minimum) Tmin is 3T. 
The bit length equivalent to 3T is 0.87 jim. The bit length 
equivalent to T is the shortest bit length. Merging bits 

40 (also referred to as connection bits) of three bits is dis- 
posed between two blocks of 14 channel bits. In addi- 
tion, a frame sync pattern is added at the beginning of 
a frame. When the period of a channel bit is T, a frame 
sync pattern is a pattern of 11T, 11T, and 2T that are 

45 successive. Since such a pattern does not take place 
according to the EFM conversion rule, a frame sync can 
be detected with a special pattern. The total number of 
bits of one EFM frame is 588 channel bits. The frame 
frequency is 7.35 kHz. 

so [0023] A group of 98 EFM frames is referred to as sub 
code frame (or sub code frame). A sub code frame of 
which 98 frames are successively re-arranged in the 
vertical direction is composed of a frame synchronous 
portion that identifies the beginning of the sub code 

55 frame, a sub code portion, data, and a parity portion. A 
sub code frame is equivalent to 1/75 second of a repro- 
duction time of a conventional CD. 
[0024] The sub code portion is composed of 98 EFM 
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frames. Two frames at the beginning of the sub code 
portion are a synchronous pattern of the sub code frame 
and a pattern of an EFM out-of-rule. The individual bits 
of the sub code portion compose P, Q, R, S, T, U t V, and 
W channels. 

[0025] The R channel to W channel are used for a 
special purpose such as a still picture or a sub-title dis- 
play of so-called Karaoke. The P channel and Q channel 
are used for a track position controlling operation for the 
pickup during reproduction of digital data recorded on 
the disc. 

[0026] The P channel is used to record a signal whose 
level is "0" in a so-called lead-in area, which is an inner 
peripheral portion of the disc and a signal whose levels 
are "0s" and "1s" repeated at predetermined periods in 
a so-called lead-out area, which is an outer peripheral 
portion of the disc. The P channel is also used to record 
a signal whose level is "1" between music programs in 
a program area between the lead-in area and the lead- 
out area of the disc and a signal whose level is "0" in the 
other area. The P channel is used to detect the begin- 
ning of each music program during reproduction of dig- 
ital audio data recorded on the CD. 
[0027] The Q channel is provided to more acutely con- 
trol digital audio data recorded on the CD during repro- 
duction. One sub code frame of the Q channel is com- 
posed of a synchronous bit portion, a control bit portion, 
an address bit portion, a data bit portion, and a CRC bit 
portion, 

[0028] Fig. 3 shows an example of the structure of a 
reproducing apparatus that reproduces data from an op- 
tical disc that has been produced in the foregoing mas- 
tering and stamping processes. Although the structure 
of the reproducing apparatus shown in Fig. 3 is the same 
as that of a conventional player or drive, the structure 
will be described for easy understanding of the present 
invention. In Fig. 3, reference numeral 21 represents a 
disc produced in the mastering and stamping process- 
es. Reference numeral 22 represents a spindle motor 
that drives the rotations of the disc 21. Reference nu- 
meral 23 represents an optical pickup that reproduces 
a signal recorded on the disc 21 . The optical pickup 23 
is composed of an optical system such as a semicon- 
ductor laser that radiates laser light to the disc 21 and 
an objective lens, a detector that receives light reflected 
from the disc 21 , a focus and tracking mechanism, and 
so forth. In addition, the optical pickup 23 is traveled in 
the radius direction of the disc 21 by a thread mecha- 
nism (not shown). 

[0029] Output signals of for example a four-divided 
detector of the optical pickup 23 are supplied to an RF 
portion 24. The RF portion 24 calculates the output sig- 
nals of the individual detector elements of the four-di- 
vided detector and generates a reproduction signal (RF) 
signal, a focus error signal, and a tracking error signal. 
The reproduction signal is supplied to a sync detecting 
portion 25. The sync detecting portion 25 detects a 
frame sync from the beginning of each EFM frame. The 


detected frame sync, the focus error signal, and the 
tracking error signal are supplied to a servo portion 26. 
The servo portion 26 controls rotations of the spindle 
motor 22 and a focus servo and a tracking servo of the 
s optical pickup 23 corresponding to a reproduced clock 
of the RF signal. 

[0030] Main data that is output from the sync detecting 
portion 25 is supplied to an EFM demodulator 27, The 
EFM demodulator 27 performs an EFM demodulating 

10 process for the main data. Main digital data is supplied 
from the EFM demodulator 27 to a CIRC decoder 28. 
The CI RC decoder 28 performs an error correcting proc- 
ess for the main digital data. In addition, an interpolating 
circuit 29 interpolates the main digital data and outputs 

is the resultant data as reproduced data to an output ter- 
minal 30. Sub code data is supplied from the EFM de- 
modulator 27 to a system controller 32. 
[0031 ] The system controller 32 is composed of a mi- 
crocomputer. The system controller 32 controls opera- 
te tionsof the whole reproducing apparatus. In association 
with the system controller 32, an operation button and 
display portion 33 is disposed. The system controller 32 
controls the servo portion 26 so as to access a desired 
position of the digital 21 . 

25 [0032] Fig. 4 shows a part of a conversion table that 
represents a rule for which data bits of eight bits (some- 
times referred to as data symbol) of the EFM modulator 
. 1 2 are converted into channel bits of 1 4 bits (sometimes 
referred to as code symbol). In Fig. 4, data bits are rep- 

30 resented in hexadecimal notation (00 to FF), decimal 
notation (0 to 255), and binary notation. n 1 M of a code 
symbol of 14 bits represents a position at which a value 
is inverted. Since one data symbol is composed of eight 
bits, there are 256 patterns thereof. All code symbols of 

35 14 bits satisfy an EFM rule of which the minimum time 
length (time length in which the number of 0s between 
two 1s of a record signal becomes the minimum) Tmin 
is 3T and the maximum time length (time length in which 
the number of 0s between two 1s of a record signal be- 

40 comes the maximal) Tmax is 11T (hereinafter some- 
times referred to as run length limit conditions). 
[0033] When code symbols 1 4 bits each are connect- 
ed, merging bits are required to satisfy the foregoing run 
length limit conditions Tmin = 3T and Tmax = 1 1 T. There 

45 are four types of patters (000), (001), (010), and (100) 
as merging bits. Next, an example of which merging bits 
are used to connect code symbols 14 bits each will be 
described with reference to Fig. 5A to Fig. 5D. The fol- 
lowing example is described in "Book on Compact Disc 

so (Version 3) [translated title; written in Japanese]", pub- 
lished by Ohm Publishing Company, Japan, March 25, 
2001. 

[0034] As shown in Fig. 5 A, now the cast that the pre- 
ceding pattern of 14 bits ends with (010) and that the 
55 next data symbol is (01 1 1 01 1 1 ) (77 in hexadecimal no- 
tation and 119 in decimal notation) will be considered. 
The data symbol is converted into a pattern of 14 bits 
(00100010000010). Before timing to, the preceding pat- 
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tern of 1 4 bits ends. At timing t 1 after the period of merg- 
ing bits, the next pattern of 14 bits starts. At timing t 2 , 
the next pattern of 14 bits ends. 
[0035] As to the foregoing four types of merging bits, 
when (1 00) are applied, since the condition Tmin = 3t is 
not satisfied. Thus, those merging bits cannot be used. 
However, the other three types of merging bits can be 
used. As merging bits actually used of the three types 
of merging bits, one type that decreases the absolute 
value of DSV (hereinafter the notation of the absolute 
value is omitted) is selected. DSV is obtained in such a 
manner that when a waveform is in a high level, +1 is 
added and that when a waveform is in a low level, -1 is 
added. As an example, it is assumed that DSV at timing 
t 0 is (-3). 

[0036] Fig. 5B shows a waveform in the case that 
(000) are used as merging bits. DSV in period (to - 1^ is 
+3. DSV in period (t 1 - 1 2 ) is +2. Thus, DSV at timing t 2 
is (-3 +3 +2 = +2). Fig. 5C shows a waveform in the case 
that (010) are used as merging bits. DSV in period (to - 
\J is -1 . DSV in period (t 1 - 1 2 ) is - 2. Thus, DSV at timing 
t 2 is (-3 -1 -2 = -6), Fig. 5D shows a waveform in the 
case that (001 ) are used as merging bits. DSV in period 
(t 0 - tO is +1 . DSV in period - 1 2 ) is -2. Thus, DSV at 
timing t 2 is (-3 +1 -2 = -4). After all, merging bits (000) 
of which DSV at timing t 2 is the closest to 0 are selected. 
[0037] A merging bit selecting portion is disposed in 
the EFM modulator 1 2 (see Fig. 1 ). As described above, 
the merging bit selecting portion selects merging bits 
that satisfy Tmin = 3 and Tmax =11, which are run- 
length limit conditions of the EFM modulation. Among 
these types of merging bits, the merging bit selecting 
portion selects one type that converges DSV. According 
to the present embodiment of the present invention, the 
run length controlling portion 13 EFM-modulates a data 
pattern without increasing DSV even if a conventional 
EFM modulator causes the data pattern to increase 
DSV and result in a data read error. In other words, the 
run length controlling portion 13 detects the case that 
DSV increases and results in a data read error and con- 
trols the merging bit selecting portion of the EFM mod- 
ulator 1 2 so that the EFM run length limit conditions loos- 
en. For example, Tmin = 3 and Tmax = 1 1 are loosened 
to Tmin' = 2 and Tmax' = 12, respectively. Alternatively, 
either Tmin or Tmax of the run length limit conditions 
may be changed. Alternatively, the run length limit con- 
ditions may be Tmin' = 1 and Tmax' = 13. 
[0038] To describe the function of the run length con- 
trolling portion 1 3, a particular data pattern shown in Fig. 
6 will be considered. A particular data pattern is a pattern 
that causes DSV to increase as large as data is prevent- 
ed from being normally reproduced arises. In Fig. 6, in- 
dividual data symbols (eight bits each) are denoted in 
hexadecimal notation. Fig. 6 shows 24 symbols x 8 = 
192 symbols. In Fig. 6, the horizontal direction repre- 
sents the time axis direction. The last data symbol of 24 
symbols of one line is followed by the first data symbol 
of 24 symbols of the next line. In the case of audio data, 


adjacent two symbols correspond to one sample (16 
bits) and adjacent four symbols correspond to stereo au- 
dio data (L and R). Thus, one line contains 12 samples. 
12 samples are arranged in one EFM frame of the CD 

5 shown in Fig. 2. 

[0039] In the structure shown in Fig. 1 , data shown in 
Fig. 6 is input to the input terminal 6. The CIRC encoder 
9 performs an encoding process with Reed-Solomon 
code and an interleaving process for the data that has 

10 been input from the input terminal 6. Output data of the 
CI RC encoder 9 is input to the multiplexer 1 1 . The mul- 
tiplexer 1 1 adds a sub code and a frame sync to the data 
that has been output from the CIRC encoder 9. From 
the multiplexer 11 , data shown in Fig. 7 is obtained. One 

is line corresponds to one EFM frame (see Fig. 2). In Fig. 
7, SY represents a frame synchronous signal. The next 
data symbol (81) corresponds to a sub code. Since the 
interleaving process has been performed for the data 
shown in Fig. 7, its arrangement is different from that 

20 shown in Fig. 6. The data shown in Fig. 7 is EFM-mod- 
ulated by the EFM modulator 12. 
[0040] The data pattern shown in Fig. 7 contains data 
symbols (81 ), (83), (8C), (98), (B8), (BA), (C9), (E2), and 
so forth. The beginning portion of each code symbol of 

25 14 bits that has been converted according to the EFM 
conversion table (see Fig. 4) is 0T (that represents that 
the level immediately varies) or 1T (that represents that 
the level varies after 1 T), whereas the end portion there- 
of is only 1T. Fig. 8 shows the variation of DSV in the 

30 case that data of the first line of Fig. 7 has been EFM- 
modulated and a part of the EFM sequence. In Fig. 8, 
to represent a waveform of an EFM sequence, "1" and 
"0" represent a high level and a low level, respectively. 
[0041] Next, Fig. 8 will be described in more details. 

35 A frame synch ronous signal is composed of a waveform 
of 1 1 T, an inverted waveform of 11T, and a waveform of 
2T. In the portion of the frame synchronous signal, DSV 
= +2. A data symbol (81) corresponding to a sub code 
is converted into a code symbol (1 00001 001 00001 ) ac- 

^o cording to the conversion table shown in Fig. 4. The level 
of the code symbol (81 ) varies at the beginning. DSV of 
the code symbol (81 ) is -6. According to the convention- 
al merging bit selection rule, (000) are selected as merg- 
ing bits that satisfy the run length limit condition. In other 

45 words, the other merging bits (100), (010), and (001) do 
not satisfy Tmin = 3T. Thus, as merging bits, (000) are 
unconditionally selected. As a result, a level inversion 
does not take place at the portion of the merging bits. 
DSV of the merging bits is +3. DSV at the end of the 

so code symbol of which the data symbol (81) has been 
converted is +2 +3 -6 = -1 . 

[0042] The next data symbol (B8) is converted into a 
code symbol (01001000001001) according to the con- 
version table shown in Fig. 4. DSV of the code symbol 
55 (01001000001001) is +2. As merging bits that satisfy 
the run length limit condition, (000) are unconditionally 
selected. As a result, a level inversion does not take 
place at the portion of the merging bits. DSV of the merg- 


11 
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ing bits is +3. DSV at the end of code symbol of which 
the data symbol (B8) has been converted is +2 +3 -6 +3 
+2 = +4. 

[0043] The data symbol (BA) is converted into a code 
symbol (10010000001001) according to the conversion 
table shown in Fig. 4. DSV of the code symbol 
(10010000001001) is +2. As merging bits that satisfy 
the run length limit condition, (000) are unconditionally 
selected according to the conventional merging bit se- 
lection rule. As a result, a level inversion does not take 
place at the portion of the merging bits. DSV of the merg- 
ing bits is +3. 

[0044] Thus, in the foregoing particular data pattern, 
there is no room for selecting merging bits. As a result, 
the function for converging DSV does not work. As 
shown in Fig. 8, in one EFM frame, DSV increases by 
more than 100. As long as the data pattern continues, 
DSV increases. After the data pattern has ended, when 
random data takes place, merging bits are controlled so 
that the increased DSV is converted to 0. As a result, 
DSV abruptly decreases. 

[0045] In a CD that is produced with a record signal 
encoded with the foregoing particular data pattern, since 
DSV remarkably increases, original data cannot be cor- 
rectly read. In reality, an asymmetry compensation and 
so forth of the reproducing circuit are adversely affected. 
As a result, data cannot be correctly read from the CD, 
Alternatively, since data is incorrectly corrected, errors 
increase. Thus, whenever data is read from a particular 
region, the read value varies. This means that when da- 
ta is read from an original CD, the reproduced data is 
encoded by a conventional encoder, and the encoded 
data is recorded to a medium such as a CD-R, repro- 
duced data of the medium cannot be correctly read. As 
a result, the copying operation can be prevented. 
[0046] In addition, whether or not contents other than 
the particular data pattern portion is used can be con- 
trolled. In other words, from a disc produced using the 
encoder according to the present invention, the relevant 
data pattern portion can be reproduced. In contrast, 
from a disc that has been produced using a conventional 
encoder using an original disc, the relevant data pattern 
portion cannot be reproduced. Thus, depending wheth- 
er or not the data pattern portion can be read, the loaded 
disc is detected as an original disc or a copied disc. Cor- 
responding to the detected result, with the determination 
of whether or not recorded contents other than the data 
pattern portion can be used, contents of a copied disc 
can be prevented from being used. 
[0047] From a view point for preventing contents from 
being copied, a data pattern of the foregoing 192 sym- 
bols is repeatedly recorded in the program area of the 
disc N times (where N is any positive integer, which is 
one or lager). As described above, when the determina- 
tion of whether the loaded disc is an original disc or a 
copied disc is made depending on whether or not the 
data pattern portion can be reproduced, it is preferred 
that the record position of the data pattern portion should 


be pre-defined. Likewise, as to a CD-ROM, with a par- 
ticular data pattern recorded thereon, contents can be 
prevented from being copied therefrom. 
[0048] According to the present embodiment of the 

5 present invention, as shown in Fig. 1 , the run length con- 
trolling portion 1 3 is disposed. The run length controlling 
portion 13 pre-reads data that has been EFM-modulat- 
ed and detects a particular data pattern (see Fig. 6) of 
which the conventional EFM modulation cannot sup- 

w press the divergence of DSV. Alternatively, without pre- 
reading the data that has been EFM-modulated, the run 
length controlling portion 13 may detect DSV of the 
EFM-modulated output. The particular data pattern can 
be detected by a pattern mapping method for detecting 

15 a particular data pattern, a method for comparing an ab- 
solute value of DSV with a threshold value and detecting 
an occurrence of which an absolute value exceeds a 
threshold value, a method for detecting an occurrence 
of which an absolute value of DSV exceeds a threshold 

20 value in a predetermined number of symbols, and so 
forth. When the run length controlling portion 13 does 
not detect a particular data pattern, the run length con- 
trolling portion 1 3 controls the EFM modulator 1 2 so that 
it selects merging bits that satisfy the run length limit 

25 conditions Tmin = 3T and Tmax = 11T. When the run 
length controlling portion 13 has detected the particular 
data pattern, the run length controlling portion 13 loos- 
ens the run length limit conditions for example Tmin* = 
2T and Tmax' = 1 2T. Thus, there is a room for selecting 

30 merging bits. As a result, merging bits that cause DSV 
to decrease can be selected. 

[0049] Like Fig. 8, Fig. 9 shows the variation of DSV 
in the case that data of the first line of Fig. 7 has been 
EFM-modulated and a part of an EFM sequence. As an 

35 example, it is assumed that when the data symbol is 
(BA), the run length limit conditions are the same as 
those of the conventional EFM modulation, and DSV is 
+56, a particular data pattern is detected. In this case, 
as described with reference to Fig. 8, a level inversion 

40 takes place at the end of the code symbol (8B) of 14 
bits. Thus, there is only 1T. In addition, a level inversion 
takes place at the beginning of the next code symbol 
(BA). Thus, only (000) can be selected as merging bits. 
As a result, DSV cannot be decreased. According to the 

45 present embodiment, since Tmin' = 2T, not only (000), 
but (010) can be selected as merging bits. In other 
words, in this case, in a total of four channel bits of the 
last channel bit of the preceding code symbol (8B) and 
the merging bits, a waveform of 2T (denoted by 1 1 ) and 

so a waveform of 2T (denoted by 00) take place. 

[0050] When (01 0) are selected as merging bits, a lev- 
el inversion takes place in the merging bits unlike merg- 
ing bits (000). Thus, the polarities of code symbols after 
the next code symbol (BA) are inverted from those 

55 shown in Fig. 8. As a result, even if the run length limit 
conditions are restored to the original conditions, as 
shown in Fig. 9, DSV can be controlled so that it con- 
verges to 0. Even if DSV diverges in the minus direction 


13 

(not shown), when the run length limit conditions are 
loosened, DSV can be converged. 
[0051] When the foregoing particular data pattern is 
successively input, only with substitution of merging bits 
in the foregoing manner, a small increase or a small de- 
crease of DSV may not be suppressed. However, such 
a small increase or such a small decrease of DSV does 
not largely affect reproduction of a CD. In the case that 
the EFM modulator 12 has stored DSV, after the partic- 
ular data pattern has ended, in the state that merging 
bits can be controlled, there is a possibility of which an 
operation that causes DSV to be returned to 0 is per- 
formed. As a result, DSV abruptly varies. This situation 
is not suitable for reproduction of data. 
[0052] To suppress an abrupt variation of DSV, when 
merging bits are restored to the state that they can be 
selected, the run length controlling portion 13 outputs a 
command that causes DSV stored in the EFM modulator 
1 2 to be cleared to 0. As a result, after DSV cumulatively 
varies with the particular data pattern, the operation that 
causes DSV to converge to around 0 is not performed. 
Consequently, an abrupt variation of DSV can be sup- 
pressed. 

[0053] Fig. 10 shows another example of the particu- 
lar data pattern. In the' other example, data symbols 
(BB), (FA), (FB), and so forth are used. These data sym- 
bols are converted into their 14-bit symbol codes (BB) 
= (10001000001001), (FA) = (10010000010010), and 
(FB) = (10001000010010). 

[0054] In Fig. 1 1 , the data shown in Fig. 1 0 is encoded 
by a CI RC encoder and a frame synchronous signal and 
a sub code are added to the encoded data. Each line 
corresponds to data of one EFM frame. The data shown 
in Fig. 1 1 is EFM-modulated. Likewise, as to another da- 
ta pattern, when a conventional encoder is used, DSV 
increases. In contrast, when an encoder according to 
the present invention is used, DSV can be prevented 
from increasing. 

[0055] Although the present invention has been 
shown and described with respect to a best mode em- 
bodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions; and additions in the form and detail 
thereof may be made therein without departing from the 
spirit and scope of the present invention. For example, 
as a modulating system other than EFM, the present in- 
vention can be applied to EFM Plus. In the EFM Plus, a 
data symbol of eight bits is converted into a code symbol 
of 16 bits without merging bits. When the EFM Plus is 
used, there is a particular data pattern of which DSV in- 
creases. Thus, when an encoder having a code conver- 
sion table of which the standard code conversion table 
has been changed is used, the particular data pattern 
can prevent DSV from increasing. As a result, it can be 
determined whether the loaded disc is an original disc 
produced using the encoder according to the present 
invention or a copied disc produced using a convention- 
al encoder. 


14 

[0056] The present invention can be also applied to a 
multi-session optical disc on which for example CD-DA 
formatted data and CD-ROM formatted data are record- 
ed. As information that can be recorded to an optical 

5 disc, there are various types of data such as audio data, 
video data, still picture data, character data, computer 
graphic data, game software, and computer programs. 
Thus, the present invention can be applied to for exam- 
ple a DVD video and a DVD-ROM. In addition, the 

w present invention can be applied to not only a disc- 
shaped data recording medium, but a card-shaped data 
recording medium. 

[0057] As is clear from the foregoing description, 
when data is reproduced from a copied disc produced 
15 using a conventional encoder, DSV increases. As a re- 
sult, a data pattern cannot be correctly reproduced. 
Thus, according to the present invention, a copying op- 
eration can be prevented. In addition, according to the 
present invention, depending on whether or not a par- 
ticular data pattern can be reproduced, it can be deter- 
mined whether or not the loaded medium is an original 
or a copy. Corresponding to the determined result, a 
copying operation can be prevented. According to the 
present invention, since a defect is not intentionally in- 
serted onto an original medium, the present invention 
can be used as a format standard. 


Claims 

1. A data recording medium on which digital data is 
recorded using a digital modulating system for con- 
verting a data symbol of a predetermined number 
of bits into a code symbol of a larger number of bits 
than the data symbol and generating record data 
whose run length is restricted, 

wherein in the state that the run length is re- 
stricted, a data pattern that causes an absolute val- 
ue of DSV to increase as large as data is prevented 
from being normally reproduced is recorded to a 
part of the data recording medium and data select- 
ed in the state that a run length restriction condition 
is loosened is recorded in the data pattern. 

2. The data recording medium as set forth in claim 1 , 

wherein a plurality of merging bits are dis- 
posed at a boundary of adjacent code symbols, 

wherein as the merging bits, there are a plu- 
rality of bit patterns, 

wherein when the data pattern is not detected, 
a bit pattern that satisfies the run length restriction 
condition is selected from the plurality of bit patterns 
as the merging bits, and 

wherein when the data pattern is detected, in 
the state that the run length restriction condition is 
loosened, the selected bit pattern is recorded as the 
merging bits. 
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3. The data recording medium as set forth in claim 2, 

wherein the data pattern is designated so that 
it unconditionally determines the merging bits. 

4. The data recording medium as set forth in claim 2, 

wherein in the state that the run length restric- 
tion condition is loosened, after the merging bits are 
selected, the run length limit condition is restored to 
the original condition, and data of which the merging 
bits are selected is recorded. 

5., The data recording medium as set forth in claim 2, 
wherein the case that DSV of a digital modu- 
lation is detected and the detected DSV exceeds a 
threshold value is treated as the case that the data 
pattern is detected. 

6. The data recording medium as set forth in claim 5, 

wherein the case that the number of times the 
detected DSV exceeds the predetermined thresh- 
old value reaches a predetermined number of times 
is treated as the case that the data pattern is de- 
tected. 

7. A data recording method on which digital data is re- 
corded using a digital modulating system for con- 
verting a data symbol of a predetermined number 
of bits into a code symbol of a larger number of bits 
than the data symbol and generating record data 
whose run length is restricted, the data recording 
method comprising the steps of: 

in the state that the run length is restricted, re- 
cording a data pattern that causes an absolute 
value of DSV to increase as large as data is 
prevented from being normally reproduced to a 
part of the data recording method; and 
recording data selected in the state that a run 
length restriction condition is loosened in the 
data pattern. 

8. The data recording method as set forth in claim 7, 

wherein a plurality of merging bits are dis- 
posed at a boundary of adjacent code symbols, 

wherein as the merging bits, there are a plu- 
rality of bit patterns, 

wherein when the data pattern is not detected, 
a bit pattern that satisfies the run length restriction 
condition and that causes DSV to maximally de- 
crease is selected from the plurality of bit patterns 
as the merging bits, and 

wherein when the data pattern is detected, in 
the state that the run length restriction condition is 
loosened, the selected bit pattern is recorded as the 
merging bits. 

9. The data recording method as set forth in claim 8, 

wherein the data pattern is designated so that 


it unconditionally determines the merging bits. 

10. The data recording method as set forth in claim 8, 
wherein in the state that the run length restric- 
s tion condition is loosened, after the merging bits are 
selected, the run length limit condition is restored to 
the original condition, and data of which the merging 
bits are selected is recorded. 

10 11. The data recording method as set forth in claim 8, 
wherein the case that DSV of a digital modu- 
lation is detected and the detected DSV exceeds a 
threshold value is treated as the case that the data 
pattern is detected. 

15 

12. The data recording method as set forth in claim 11 , 

wherein the case that the number of times the 
detected DSV exceeds the predetermined thresh- 
old value reaches a predetermined number of times 
20 is treated as the case that the data pattern is de- 
tected. 

13. A data recording apparatus for recording digital da- 
ta using a digital modulating system for converting 

25 a data symbol of a predetermined number of bits 
into a code symbol of a larger number of bits than 
the data symbol and generating record data whose 
run length is restricted, 

wherein in the state that the run length is re- 
30 stricted, a data pattern that causes an absolute val- 
ue of DSV to increase as large as data is prevented 
from being normally reproduced is partly recorded, 
and 

wherein data selected in the state that a run 
35 length restriction condition is loosened is recorded 
in the data pattern. 

14. The data recording apparatus as set forth in claim 
13, 

4 o wherein a plurality of merging bits are dis- 

posed at a boundary of adjacent code symbols, 

wherein as the merging bits, there are a plu- 
rality of bit patterns, 

wherein when the data pattern is not detected, 
45 a bit pattern that satisfies the run length restriction 
condition and that causes DSV to maximally de- 
crease is selected from the plurality of bit patterns 
as the merging bits, and 

wherein when the data pattern is detected, in 
so the state that the run length restriction condition is 
loosened, the selected bit pattern is recorded as the 
merging bits. 

15. The data recording apparatus as set forth in claim 

55 14, 

wherein the data pattern is designated so that 
it unconditionally determines the merging bits. 
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16. The data recording apparatus as set forth in claim 
14, 

wherein in the state that the run length restric- 
tion condition is loosened, , after the merging bits are 
selected, the run length limit condition is restored to 5 
the original condition, and data of which the merging 
bits are selected is*recorded. 

17. The data recording apparatus as set forth in claim 

14, ' 10 

wherein the case that DSV of a digital modu- 
lation is detected and the cietected DSV exceeds a 
threshold value is treated as the case that the data 
pattern is detected. 

75 

18. The data recording apparatus as set forth in claim 
17, ; 

wherein the case that the number of times the 
detected DSV exceeds the predetermined thresh- 
old value reaches a predetermined number of times 20 
is treated as the case that the data pattern is de- 
tected. 
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